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Previewsepigenetically silenced in human tumors).
With increasing amounts of data
emerging from unbiased studies, it will
be important to tie novel in silico analysis
technologies to primary biological in vivo
screening data.REFERENCES
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Nonrandom chromosome segregation is an intriguing phenomenon linked to certain asymmetric stem cell
divisions. In a recent report in Nature, Yadlapalli and Yamashita (2013) observe nonrandom segregation of
X and Y chromosomes in Drosophila germline stem cells and shed light on the complex mechanisms of
this fascinating process.To maintain tissue homeostasis, stem
cells must strike a balance between
self-renewal and differentiation. One
mechanism for achieving this balance is
asymmetric cell division, a phenomenon
in which mitosis produces sister cells
that adopt different fates: one cell ac-
quires the stem cell characteristics of its
mother and the other begins on a path to
differentiation. During asymmetric cell di-
visions, unequal segregation of proteins
and RNA can drive, or occur in parallel
with, sister cells’ decisions to self-renew
or differentiate (Neumu¨ller and Knoblich,
2009). Another form of asymmetry in-
volves the nonrandom segregation of sis-
ter chromatids according to the identity of
their template DNA strands. Because
DNA is replicated semiconservatively, sis-
ter chromatids differ, intrinsically, by thesequences, and relative ages, of their
template strands. The intrinsic asymmetry
of sister chromatids led to the ‘‘immortal
strand hypothesis,’’ which posited that
chromatids bearing the oldest template
strands would be segregated to the self-
renewing stem cell daughter based on
the assumption that this strand would
bear fewer replication-induced DNA mu-
tations (reviewed in Rando, 2007). In a
new study in a recent issue of Nature,
Yadlapalli and Yamashita (2013) identify
nonrandom segregation of individual
chromosomes in Drosophila male germ-
line stem cells (GSCs) seemingly based
upon the sequence identity of the tem-
plate strands and exploit this system to
advance our understanding of the mech-
anisms by which nonrandom chromo-
some segregation occurs.Despite earlier indications from their
own work that the bulk of chromosomes
do not segregate asymmetrically in
dividing Drosophila GSCs (Yadlapalli
et al., 2011), Yadlapalli and Yamashita re-
visited the issue of nonrandom chromo-
some segregation with a new experiment
to study the segregation patterns of indi-
vidual chromosomes. This analysis was
accomplished using chromosome orien-
tation fluorescence in situ hybridization
(CO-FISH), in which newly synthesized
DNA strands that have incorporated the
nucleotide analog 5-bromo-20-deoxyuri-
dine (BrdU) are selectively degraded,
enabling the identification of template
strands with chromosome- and strand-
specific fluorescent oligonucleotide
probes. Drosophila GSCs are well suited
for such studies of asymmetric cellll 12, June 6, 2013 ª2013 Elsevier Inc. 641
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Figure 1. Models of Nonrandom Chromosome Segregation
In random template DNA strand segregation (top), chromosomes in the mother stem cell are partitioned
without regard for the identity of the template DNA strand (indicated here by red or black) during asym-
metric cell divisions. In nonrandom template DNA strand segregation (middle), a full complement of chro-
mosomes bearing template DNA strands with some common feature (e.g., older template DNA, shown
here in red) cosegregate to one of the two daughter cells. In chromosome-specific nonrandom chromo-
some segregation (bottom), such as that identified by Yadlapalli and Yamashita, a subset of chromosomes
(illustrated here as a single chromosome, shown in red) is segregated according to the identity (e.g.,
sequence) of the template DNA strand, while other chromosomes segregate randomly.
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Previewsdivision because they undergo asym-
metric divisions in a stereotypic manner
that enables identification of GSCs and
their differentiating daughter gonialblasts
(GBs) by their anatomical position relative
to a niche of somatic hub cells. When
asymmetrically dividing GSCs were642 Cell Stem Cell 12, June 6, 2013 ª2013 Eanalyzed for template DNA strand asym-
metries, Yadlapalli and Yamashita discov-
ered that both the X chromosome and the
Y chromosome, but not the large auto-
somal chromosomes 2 and 3, are segre-
gated in a biased manner. Specifically, in
approximately 85% of cell divisions, thelsevier Inc.GSC inherited the Y sister chromatid
that contained the template strand identi-
fied by a GTATT satellite repeat. With a
remarkably similar frequency, the GSC in-
herited one of the X sister chromatids ac-
cording to the sequence identity of its
template strand as well, although the dis-
tribution patterns of X and Y template
strands indicated that these chromo-
somes were segregating independently.
An interesting question raised by
these observations was whether the
nonrandom (and independent) segrega-
tion of X and Y chromosomes is in any
way related to template strand age. To
test this, Yadlapalli and Yamashita simply
extended the duration of the BrdU pulse
prior to analysis of template strand iden-
tity by CO-FISH. If the template strands
were segregated with 100% accuracy,
the GSC would perpetually retain the
same (i.e., ‘‘immortal’’) DNA strands, and
these template strands would never
incorporate BrdU. In the CO-FISH assay,
this single-stranded BrdU incorporation
manifests as a single probe signal in the
GSC. When BrdU was pulsed for 72 hr
(approximately 4–6 GSC divisions), over
90% of GSCs exhibited overlapping
signals for probes of X and Y chromo-
some strands, suggesting that the tem-
plate strand had incorporated BrdU
during this period and indeed was not
‘‘immortal.’’
The observation of nonrandom
chromosome segregation in Drosophila
GSCs is an important advance in part
because Drosophila is a genetically trac-
table organism in which to explore mech-
anistic aspects of the segregation phe-
nomena (Rando, 2007). Using a series of
mutants, all of which failed to segregate
X and Y chromosomes nonrandomly,
the authors identified the pericentriolar
component centrosomin, the linker of
nucleoskeleton and cytoskeleton (LINC)
complex, and dnmt2 as essential com-
ponents of the pathway regulating
nonrandom chromosome segregation in
GSCs. The observation that a centroso-
mal component has a functional role in
nonrandom chromosome segregation is
of particular interest given previous
studies in GSCs indicating that centro-
somes segregate nonrandomly according
to relative age (Yamashita et al., 2007) and
indirect evidence that older template DNA
strands cosegregate with older mother
centrioles in mammalian muscle stem
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Previewscells (Shinin et al., 2006). Also of note,
Yadlapalli and Yamashita used a series
of genetic crosses to find that nonrandom
chromosome segregation requires a heri-
table, epigenetic signal generated by
Dnmt2 in the parent (i.e., mother or father)
from which the chromosome was in-
herited. It is unclear, however, whether
Dnmt2 functions as a DNA methyltrans-
ferase, and it will therefore be interesting
in future studies to explore the identity of
the signal generated by Dnmt2 and the
mechanism by which this signal commu-
nicates with the mitotic spindle to effect
nonrandom chromosome segregation.
Yadlapalli and Yamashita’s work un-
derscores a distinction between a pro-
cess to segregate sister chromatids
nonrandomly based upon ‘‘chromo-
some-specific’’ features (e.g., genetic
information contained in that particular
chromosome) and one based on features
that would be applicable to all chromo-
somes (e.g., relative template strand age
and thus the relative burden of replica-
tion-associated DNA damage). The
former would predict that specific
chromosomes would be subjected to
nonrandom segregation depending on
the context of the cell division (Armakolas
and Klar, 2006; Falconer et al., 2010), andthe latter would predict that all chromo-
somes would be treated equally in terms
of the mechanism of sister chromatid
segregation (Conboy et al., 2007; Shinin
et al., 2006) (Figure 1). Although
nonrandom segregation of select chro-
mosomes may still serve to limit replica-
tion-associated DNA damage in stem
cells, it is unclear why this protective
mechanism would be restricted to only a
portion of the genome. Evidence of the
‘‘mortality’’ of template strands in GSCs
presented by Yadlapalli and Yamashita
further suggests that nonrandom chromo-
some segregation does not protect
against errors in DNA replication. How-
ever, even imperfect nonrandom segre-
gation based upon template strand age
would limit the level of replication-associ-
ated DNA damage in stem cells. Intermit-
tent changes in template strand biases
may serve to protect stem cells from
replication-independent DNA damage
accumulated over time (Charville and
Rando, 2011). Another possibility is that
nonrandom chromosome segregation
conveys chromatid-specific epigenetic
information that is relevant to cell function
(Falconer et al., 2010). Although the
nonrandom chromosome segregation
mutants identified by Yadlapalli andCell Stem CeYamashita do not exhibit GSC cell-fate
changes, each of the mutants exhibits a
reduction in fertility. Linking this pheno-
type to epigenetic differences between
sister chromatids that are segregated
nonrandomly by GSCs is an exciting di-
rection for future study.REFERENCES
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